Background: Breast cancer continues to be the primary cause of death among East and Southeast Asian women. Although China, the most populous country in the world, is experiencing unprecedented economic growth, its healthcare system has yet to benefit from the current economic prosperity. Indeed, studies have shown a consistent rise in breast cancer rates among Chinese women over the past two decades in the absence of breast cancer screening guidelines.
Introduction

Breast Cancer Incidence and Mortality in China and Other Asian Countries
Consistent with trends in developing countries, breast cancer is a primary cause of death among East and Southeast Asian women. While rates in most developed countries have decreased, rates in developing Asian nations continue to reflect rising trends. Globally, the ageadjusted rate for breast cancer is 37.4 per 100,000 (1, 2) . Recent studies indicate that breast cancer is often diagnosed at more advanced stages in developing countries and a higher proportion of young women in these populations are more vulnerable to breast cancer than their counterparts in developed countries (1, 3) .
Although China has no standardized epidemiologic cancer dataset, independent studies and critical reviews of recently established Chinese government cancer registries in a number of metropolitan and county-level centers have provided some insights into cancer incidence and mortality rates. The most recent data from the National Central Cancer Registry of China ranked breast cancer number one in incidence (42 per 100,000) and sixth in mortality (6.9 per 100,000) among all cancers in female population (4) . And incidence rates tend to be much higher in urban than in rural areas (49.1 vs. 16 .9 per 100,000) (4) . A comparison of epidemiologic data between 4 context of comprehensive national cancer control programs (7) , the cornerstone of which is early detection. Early detection of breast cancer enhances treatment outcomes as well as survival.
Although breast cancer screening guidelines vary in the U.S., mammography is recommended annually or biannually (every other year) accompanied by a clinical breast exam (CBE), and optional routine breast self-examination (BSE) (8-10). Globally, mammography has been recommended as the preferred detection technology by the Breast Health Global Initiative (BHGI) (11) . Where resources for this technology are limited, alternative recommended detection programs may include clinical breast examination (CBE) accompanied by rigorous evaluation components (11) . The International Agency for Research on Cancer recommends that mammography should be used as a supplement to CBE for suspicious diagnoses, which can improve survivorship (12-14).
There have been several attempts to develop breast cancer screening guidelines in Mainland China, Taiwan, and Singapore, with the latter two focusing on CBE and mammography, respectively (15) (16) (17) (18) (19) . While China's urban cancer registries have partial data on breast and other cancers, currently, standards for breast cancer screening are nonexistent in the country despite governmental and academic interest in their development. This interest has been driven, in part, by socioeconomic and cultural change, a growing middle class, a changing Nonetheless, interest in establishing standard guidelines and the application of new technology remains high among Chinese public health officials.
In 2005, the Chinese Anti-Cancer Association (CACA) launched a nationwide project titled, Chinese One Million Women Breast Cancer Screening. The aim of the project was to designate 100 "high-quality" hospitals that will offer, over a period of six years, free breast examinations for one million women age 35 and above. The project however, was suspended two years later due to financial challenges (22) Current studies in China indicate that the low average screening rate of 33%-43% is associated with low levels of knowledge about breast cancer (33) (34) (35) .
Barriers to Breast Cancer Screening and Early Detection in China
A number of factors contribute to low breast cancer screening rates and the late stage of diagnosis among women in developing countries. These may include socioeconomic factors, cultural barriers, and a lack of knowledge about breast cancer risks and screening (36), as well as misperceptions regarding breast cancer, screening procedures, and treatment of cancer. For example, some Chinese women believe that breast cancer surgery can lead to further spread of cancer which, in turn, hastens death, while others believe that total mastectomy is the only treatment option. These beliefs may serve as barriers to screening and early detection of disease (37, 38).
Furthermore, among women in China, there is a lack of perceived importance regarding health promotion and cancer prevention issues, which also serves as a major barrier to cancer screening (31) . Awareness about cancer screening and early detection is low among Chinese women in Hong Kong with 58% reporting that they have never heard of mammography, a finding that did not vary based on different age groups or education levels. Financial barriers or the cost associated with screening is also cited as one of the barriers to CBE or mammography (39) .
Interventions to Improve Breast Cancer Screening and Healthcare System in China
There have been a number of successful interventions to increase knowledge about breast cancer and screening rates among Asian American women in the U.S. and Canada (40) (41) (42) (43) (44) communities as well, using nurses as educators or counselors and multimedia approaches to increase awareness knowledge about breast cancer and BSE among Chinese women. The programs showed initial success, but interest tended to decline over time (31, 45, 46) .
In contrast, the literature on breast cancer interventions in China is limited. In one study in Shanghai, 267,040 participants were randomized into intervention and control groups. The intervention group received BSE training and was followed over a 10-11 year period. Findings indicated that BSE training did not lead to higher rates of early detection or a reduction in mortality rates, suggesting that BSE was not a good investment of limited funds in the absence of mammography (47-50). However, there is an ample evidence indicating that improving women's awareness, knowledge and preventive health care behavior in Chinese communities outside mainland China can lead to early detection and decreased mortality rates (40, 41 ).
China's healthcare used to be guaranteed under the old State-owned enterprise system but that safety net has gone away as the economy has privatized. Currently, China has a multi-level three-tiered health care system (Tiers 3, 2, and 1). Tier 3 (Class III) hospitals provide a range of health services (e.g. cancer screening and treatment) with highest quality of care and advanced medical equipment, aiming to become regional and international center of excellence; Tier 2 (Class II) hospitals provide general outpatient services in collaboration with private clinics and community health centers; and Tier 1 (Class 1) primary care community health centers provide community health services with lower costs (51). health care (52) . Nanjing has 38 Tier 3 hospitals located throughout the City, most of which are equipped with mammogram and breast cancer screening capacity. Large companies including our study sites have partnerships with Tier 3 hospitals.
Thus, the workplace has been recognized as an important and appropriate setting for health promotion in general, and breast cancer education and screening (53-55). China reported that its workplace had more than 750 million employees, 45% of whom were women (56, 57).
Many Chinese employers (aka Dainwei) provide health benefits that include annual checkups, women reproductive health, life planning skills, physical activity promotion and AIDS education and prevention (58-60). However, to our knowledge, there has been no organized local or national effort to incorporate the use of the workplace for promoting breast cancer screening, especially mammography. The purpose of the present study was to examine the feasibility and effectiveness of a workplace breast cancer screening intervention in increasing breast cancer screening rates among Chinese women.
Methods
Study Site and Participants
The primary aim of the study was to develop, adapt and test the feasibility and efficacy of a workplace intervention to promote breast cancer screening among Chinese women aged 40 and above. The study was conducted in Nanjing, the capital of Jiangsu province, one of China's largest cities located in a developed and industrialized region of southeast China. Nanjing is representative of the industrialized cities of China where mammography is accessible. Eight worksites participated in the study, six of which were product manufacturing sites and two, research institutes. Criteria for study site selection included (1) no established program for breast cancer screening, (2) labor union leadership acquiescence to full participation as partner in 9 the study, (3) sufficient number of female employees on site (>100 women age 40 and above), (4) an established health program that provided annual checkups and care of work-related minor injuries, and (5) availability of space for the study programs and support for navigation of participants with abnormal results. Among the eight study sites, four were assigned to the intervention group (n=232) and four to the control group (n=221) yielding a total of 453 participants. Inclusion criteria were women age 40 and above, no current diagnosis of breast cancer and not having participated in breast cancer screening within the past 12 months.
Development and Adaptation of Intervention Curriculum
The intervention curriculum, Asian Breast Cancer Prevention and Treatment Navigator Program (ABC), originally developed by Grace Ma and colleagues at Center for Asian Health, Temple University for Chinese immigrants in the U.S, was adapted and tested among Chinese women at worksites in Nanjing, China in collaboration with Southeast University in Nanjing.
The adaptation took into consideration local and regional linguistic and cultural elements.
The curriculum addressed the following topics: 1) overview of breast cancer in China, 2) breast cancer risk factors for Chinese women in the workplace, 3) benefits of breast cancer screening with emphasis on state of the art technology and practice, 4) cultural perceptions of and traditional health beliefs about breast cancer including physical and social barriers, 5) selfinitiated prevention strategies in breast cancer and, and 6) workplace leadership role in employee encouragement and empowerment in breast cancer prevention and program sustainability.
Study Design and Procedures
The study used a two-group quasi-experimental design with pre-and post-intervention assessments and 6-month follow-up on mammography screening. Questionnaires were administered to intervention and control groups at baseline, post intervention, and at 6 months. Baseline and post-intervention assessments were administered in person while the 6-month follow-up was conducted by telephone interviews by trained research assistants of Southeast University, China. Study participants who did not have personal telephones were permitted to use workplace telephones for follow-up assessment.
Theoretical Framework and Intervention Content
The intervention was guided by the theoretical framework of HBM and SCT (61-63). The HBM is used in behavioral research to predict health behaviors. The theory states that a number of factors affect an individual's willingness to change health behaviors (26, 29, (63) (64) (65) . These include: (1) perceived susceptibility, (2) perceived severity, (3) perceived benefit, and (4) perceived barriers. The educational intervention was guided by these HBM constructs to facilitate the understanding of breast cancer and the importance of early detection and timely treatment and to assess changes in behavior following the intervention (63, 64) . The SCT (61, 62) complements and extends elements of the HBM. It defines human behavior as a dynamic, reciprocal and unique interaction of personal, behavioral and environmental factors and is largely regulated antecedently through cognitive processes. Therefore, response consequences of a behavior are used to form expectations of behavioral outcomes. Accordingly, it is the ability to form these expectations that give humans the capability to predict the outcomes of their behavior before the behavior is performed.
The multilevel and multi-component intervention was implemented on site by a team of trained researchers in collaboration with workplace union leaders in Nanjing, China. Union leaders facilitated recruitment, provided accessibility to work sites and space and assisted in the administration of the intervention.
The intervention group received (1) motivational group education on the nature of, evolution and probable causes of breast cancer, risk factors, early detection strategies, including mammography screening procedures, and breast cancer prevention especially in the workplace, (2) dynamic group interaction and role play discussion sessions led by trained educators in collaboration with union leaders on perceived susceptibility to breast cancer and benefits of early detection; (3) printed educational handouts that complemented both didactic lectures and interactive sessions; and (4) mammography navigation assistance that included arrangement of appointment, transportation to mammography site and workplace financial support and release time for mammograms. Control group participants received general health education focusing on healthy lifestyle and disease prevention through routine health examinations. The group received the same printed materials as the intervention group. After the 6-month assessment, women in the control group received delayed breast cancer education intervention and navigation for breast cancer screening.
Data Collection
Data were collected among intervention and control group participants by researchers at each of the eight worksites. Data included baseline demographic characteristics and health care access by both treatment groups; changes in knowledge about breast cancer risk factors and screening; changes in HBM measures in the intervention group; and breast cancer screening rate at 6 months post-education. Standard procedures for data collection established by our U.S.-China collaborative research team were followed including confidentiality and protection. factors associated with BC (e.g., family history, age, early start of menstruation, late menopause, diet, and alcohol use), BC risk factors for Chinese, and BC screening method and guidelines in the U.S (since there is no guidelines in China); (4) HBM and SCT measures that include items of perceived susceptibility (can develop BC in my lifetime), severity (effect on self and family), perceived benefits and barriers to screening (mammogram decreases chance of dying from cancer and whether it is painful), and self-efficacy (person is capable of getting screened) using 5-point Likert scale ranging from 1="strongly disagree" to 5="strong agree; and (5) outcome measure in BC screening behavior at 6-month follow-up.
Measures
Face and content validity of the questionnaire was conducted among workplace leaders and a panel of health professionals. The measures were validated as described in our prior published studies (26, 65) .
Statistical Analysis
At baseline the study sample (n=453) was comprised of 232 were in the intervention group and 221 in the control group. At six-month follow up, 220 participants in the intervention group and 192 participants in the control group completed the telephone follow-up interview.
Descriptive statistics were used to describe demographic characteristics and health care access among intervention and control groups. Other variables include knowledge about BC screening and its risk factors, health beliefs, and mammogram screening rates. Comparison of differences in continuous variables such as age between the intervention and control groups was conducted using Student's t-test; χ 
groups. Due to the repeated measures and the dependencies existing between pre-and postintervention, generalized estimating equations (GEE) were employed to compare the changes of knowledge from pre to post education between the intervention and control groups. The model used a binomial likelihood function, logit link function and exchangeable correlation matrix and incorporated socio-demographic differences identified between the two groups. In addition, the paired t-test was used to examine differences in the intervention group on HBM constructs from pre-to post-intervention. Finally, to examine potential differences in mammogram screening uptake at 6-months post-intervention between the two groups, multivariable logistic regression analyses were used, controlling for socio-demographic differences. The analyses were repeated four times with different subgroups: 1) including only participants who completed pre-and postintervention and 6-month follow up assessments (N=412); 2) including all participants who completed pre-and post-intervention assessments regardless of whether they completed the 6-month follow-up assessment (intention-to-treat analysis) with the assumption of "no mammogram uptake" for those who did not complete the 6-month follow-up (N=453); 3) those participants in analysis #1 who had not had a mammogram prior to recruitment (N=378); and 4) those participants in analysis #2 who had not had a mammogram prior to recruitment (N=416).
Results
Baseline Demographic Characteristics and Health Care Access
Demographic characteristics and health care access of the intervention (n=232) and control (n=221) groups are reported in Table 1 . No statistical differences were found between the intervention and control groups in terms of age, marital status, having health insurance, and having regular health check-ups. The mean age was 45. 
were married (93% in both groups). More than half of the participants reported having health insurance (55% in both groups). Approximately 84% in the intervention group and 79% in the control group had regular health check-ups. However, compared to the control group, participants in the intervention group had lower education level (approximately 47% had high school education or less in the intervention group versus 36% in the control group, P=0.005). significantly from pre-to post-education in all breast cancer risk factors and screening guidelines but family history; whereas knowledge increased in five factors within the control group. These were: believing that women 40 and over should have annual mammogram, and believing that early start of menstruation, late menopause, high fat diets and obesity, and alcohol use are risk factors for breast cancer. After controlling for educational level, the interaction term between time (from pre to post) and treatment (intervention and control groups) from the GEE model was significant in five factors, and the magnitude of knowledge increase was significantly higher in the intervention group than in the control group. These factors were believing that women 40 changing from 31% to 58.6% vs 22.6% to 24%; early start of menstruation, changing from 14.7% to 75% vs 18.1% to 57.9%; and alcohol use, changing from 38.8% to 80.6% vs 37.6% to 62%, respectively, for the intervention and control groups from pre-to post-intervention (Table   2) . Table 2 here
Pre-Post Intervention Health Beliefs and Barriers
HBM measures were summarized using means and SDs. The higher the mean, the more likely the participants agreed with the statement. In terms of the change from pre-to posteducation in the intervention group, significant changes occurred in 8 of the 10 items that assessed participants' perceived susceptibility of developing breast cancer, disease severity, benefits of screening, barriers to screening, and self-efficacy (Table 3) Table 3 here
Post Intervention Mammogram Screening Behavior
At baseline, 8.2% of total participants (10.3% of the intervention group and 5.9% of the control group) reported that they had ever had mammogram screening (P>0.05 for differences between the groups). The screening rates at 6-month post-intervention increased to 72.6% in the intervention group and decreased to 4.7% in the control group (P<0.001). Using the intention-totreat analysis and assuming those who did not complete the 6-month follow up did not take mammogram, the screening rates were 69% vs 4.1% (P<0.001). The differences in 6-month mammogram uptake between the two groups remained significant after adjusting for education level (both Ps<0.001) (see Table 4 ).
When screening behavior was examined among the subgroup of participants who had not had a mammogram prior to participation in the study, a similar pattern was observed with significantly higher screening rates in the intervention group (72.6%) compared with the control group (5%) among the 6-month completers and 68.8% vs 4.3% using the intention-to-treat analysis (both Ps<0.001 for unadjusted and adjusted comparison). Table 4 here
Discussion
The primary aim of the present study was to test the feasibility and effectiveness of a workplace education intervention to promote breast cancer screening among women aged 40 and above in Nanjing, China. To our knowledge, this innovative program is the first of its type in China, where the availability of mammographic technology is widespread but seriously underutilized, and where standards for breast cancer screening are still a topic of discourse among health authorities. Study results transcended our expectations: nearly 73% (n=143) of participants who had no prior mammograms reported receiving one at 6 months post intervention.
In terms of the change from pre-to post-education in the intervention group, significant improvement occurred in 8 of the 10 items that cover participants' perceived susceptibility of getting breast cancer, disease severity, benefits of screening, barriers to screening, and selfefficacy. Majority of HBM construct factors contributed to the success of the intervention program.
Post intervention, women's awareness of breast cancer increased, so was their perception of the importance and benefits of breast cancer screening. In addition, cues to action and self-efficacy played important roles in women's participation of the screening program as both take into consideration an individual's need to overcome physical, psychological, or social barriers to effect health behavior change. When applied to China's workplace, these attributes of the HBM are facilitated by a built-in leader-support system and a social environment conducive to participatory action. On the one hand, workplace cues to action are external elements (congregation of workers and a participatory leadership) that serve as 'green lights' to action, while on the other hand, self-efficacy represented participants' belief in their ability to make the health behavior change. Both factors are enhanced by increased knowledge and awareness of the importance of screening in preventing the adverse consequences of breast cancer. SCT defines and support this dynamic interaction between a participant's personal factors, behaviors, and the environment. This unique interaction represents the basis of a participant's ability to form expectations of behavioral outcomes, and/or to predict the outcomes of behavior before the behavior is performed. In our intervention we reinforced these elements (personal, behavior and environment) to effect changes in participant's abilities to formulate decisions (self-efficacy).
This theory-based approach was further reinforced by the participatory process that included counseling interactive sessions that involved worksite leadership willingness to institutionalize breast cancer screening and prevention.
For example, using intention-to-treat analysis with the assumption of "no mammogram" for the study non-completers, the intervention group achieved nearly 70% mammography screening rate at 6-month post-intervention compared to 4% in the control group. The intervention effect is 
more pronounced compared with other studies conducted among African Americans and Hmong women living in the U.S., ranging from 40 to 50% (66) (67) (68) . However, our results suggested that a combination of education and counseling program with timely screening navigation can achieve favorable results over a short period of time.
In our study, the 8% uptake of mammography prior to education intervention was consistent with other studies conducted in China. Zhao, Li and Wang (2008) found that, among Beijing women aged 35 and over, 19% had reported ever having mammography (35). A study in Shenzhen reported 5.2% mammography or ultrasound in last three years (33) and another in Hong Kong reported 12% mammography in the last two years (31) . These rates are significantly lower than that of Chinese Americans and Singaporeans (25-29, 32, 69).
Studies on attitudes and behavior towards breast cancer screening in China showed that more than 90% of women participants favored large-scale dissemination of information on breast cancer that includes education on prevention and screening (33) . Our study underscored this need and emphasized the important role of theory-based education in increasing awareness as well as changing women's behavior towards breast cancer screening. The success of our study represents a step forward in the establishment of standards for breast screening in China. It is also timely as it follows China's successful implementation of workplace health promotion programs in AIDS education and prevention, women's reproductive health, life planning skills and physical activity promotion (55, (58) (59) (60) .
The workplace offers several advantages in that a substantial number of the working population can be reached and multiple levels of influence on behavior can be targeted. In 
the planning, development, recruitment and implementation process were essential to the success of our intervention at the studied worksites. For example, union leaders actively coordinated the intervention session schedules to fit women on different shifts with factory managers and negotiated time and financial assistance for women's mammogram test with company management. Our intervention indicated that worksite leaders can make significant influence on women's participation in both breast cancer education and group breast cancer screening events.
In addition, a workplace breast cancer screening intervention program offers a motivational learning environment given that women tend to share experience with their trusted colleagues and/or are influenced by peers for health behavior change. The dynamic group discussion about the risks of breast cancer and benefits of early detection during the educational session and group mammogram event well facilitated the effect of the designed intervention.
Our study has limitations. First, this study used a convenient sample derived from eight sites in Nanjing, China which are within reach of our collaborating institution, Southeast University; this sampling approach can lead to sampling bias. Second, although we attempted to mix factory worksites with other sites to broaden the range of our convenience sample, the overall sample represented a homogeneous group of employed, urbanized individuals, most of whom are married and have health coverage. Generalizations based on our findings therefore should be made cautiously: China is a large country with over 1.3 billion citizens who represent various cultural, linguistic, beliefs, educational and socioeconomic backgrounds. Third, our study focus was on increasing mammography screening; we did not collect data on BSE and CBE uptake, even though these were components of the curriculum. Participants who did not undergo mammography might have received a CBE, which could be counted as breast cancer screening. Fourth, although we observed a significant increase in screening rates in the intervention group at six-month follow up post intervention, the long-term outcome of the intervention, such as adherence to screening guidelines and sustainability of the program, cannot be ascertained from the findings; these require follow-up large-scale studies.
Implications and Conclusion
Notwithstanding its inherent limitations, our study findings provide preliminary evidence for the implementation of a comprehensive workplace-based breast cancer screening intervention program in China. Our experience has shown that a theory-based, multifaceted educational program can substantially effect higher levels of knowledge and awareness of breast cancer and prevention with concomitant short-and long-term policy changes, in particular, establishment of indigenous standards and culturally relevant cutting-edge programs as the one successfully piloted. China today is experiencing rising incidence and mortality rates in a variety of cancers, but specifically breast cancer. Trends in cancer research in China indicate increasing interest in the disease and its prevention. It is inevitable that national standards and new detection technology will accelerate the development of prevention programs in general and mammography specifically; these trends combined with the implementation of evidence-based screening programs should greatly reduce incidence and prevalence as well as mortality of breast cancer in China (70, 71 
